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ABSTRACT

Purpose. The aim of the study was to determine the level of physical fitness, internal load, and recovery regarding 5 consecutive
official professional soccer games and to correlate the physical fitness with the internal load and recovery variables.
Methods. The total of 11 male professional soccer athletes performed an incremental treadmill test, which allowed to
assess their physical fitness, and then participated in 5 official soccer matches held within 8.3 + 3.7 days. After each match,
the perceived recovery, perceived muscle soreness, creatine kinase concentration, and session rating of perceived exertion
were registered. The effect of the 5 consecutive games was tested with the repeated measures ANOVA and the correlations
were examined with the Spearman coefficient. The significance level was set at p < 0.05.

Results. The internal load and recovery variables were similar throughout the games (p > 0.05). Significant correlations
were found between internal load and physical fitness (p = 0.66) and between strain and recovery (p = —0.61).
Conclusions. The results suggest that soccer athletes with better aerobic fitness weary more during the game and present
higher strain in the season; however, they recover faster between games.
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Introduction

Soccer is a predominantly aerobic sport, with high
physical demand, involving high intensity actions (runs
at different intensity levels, constant changes of direc-
tion, tackles, and jumps) performed repeatedly with
short intervals for recovery [1]. Therefore, the control
of the workload during matches and training is im-
portant. One of the methods most used and widely ac-
cepted by soccer clubs and the scientific community
is the control of the internal load by the training impulse
of the rating of perceived exertion (RPE-TRIMP) [2-5].
This method is based on multiplying the session RPE
by the duration of the match or training (time in min-
utes), allowing the control of the internal load and pre-
scription of the intensity and volume of training through-
out the season.

To meet the physical demands of the game, it is im-
portant to have a high level of physical fitness. Manzi
et al. [6] demonstrated that soccer athletes, during the
in-season, present maximal oxygen uptake (VOy.y)
of 59.2 + 4.3 mL'min™"kg" and anaerobic threshold
at 86.1 £ 2.9 %VO,,.... Moreover, the authors found
significant associations between the indicators of
physical fitness and the distance covered above 20,
35, and 55 W-kg‘1 during a soccer match. However,
besides the physical fitness, the recovery of the athletes
between the games has worried the technical commis-
sions and researchers, since the schedule of games at
the professional level is very demanding and normally
the athletes participate in games every 2 or 3 days [7].
In this context, clubs usually maintain in their post-
match evaluation routine the measurement of muscle
recovery indicators, such as muscle damage biomark-
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ers (usually creatine kinase [CK], owing to its practi-
cality) or performance tests (vertical jump) [8], and the
use of perceived recovery (PR) and perceived pain scales.

Aquino et al. [9] demonstrated strong correlations
between the %A CK before and after a soccer match
and the number of sprints performed during the match,
which supports the use of this enzyme as an indicator
of skeletal muscle fibre damage [10]. In addition, studies
have proved significant correlations between CK and
recovery in athletes [11, 12]. In this regard, PR scales
have been widely used as indirect indicators of the re-
covery status of athletes [11, 13, 14]. The measurement
of PR and pain, summed to biochemical and internal
load (RPE-TRIMP) variables, can serve to support
interventions that reduce pain and increase recovery
efficiency [15], to indicate injury risk [16], and even to
suggest the selection of a reserve player to the next game.

Some studies demonstrated correlations between
the level of physical fitness and the recovery capacity
after exercise [17, 18]. Although these works focused on
the acute recovery, measured by the heart rate (HR)
and oxygen uptake (VO,), their outcomes are relevant,
including for soccer. Accordingly, the aim of the study
was to determine the level of physical fitness, internal
load, and recovery regarding 5 consecutive official pro-
fessional soccer games and to correlate the physical
fitness with the internal load and recovery variables.
Our hypothesis was that the response magnitude of
the internal load would be similar between the games
and the response would be associated with the variables
of physical fitness and recovery status after a soccer
match.

Material and methods
Participants

The total of 11 male Brazilian professional soccer
players (age: 26.8 * 4.8 years, body mass: 77.1 = 7.1 kg,
height: 177 = 6 cm, body fat: 8.2 + 1.8%, and VO,
57.7 + 4.3 mL-min"kg™) from a 1* division Brazil-
ian league soccer club took part in the study. The sub-
jects were all outfield players (goalkeepers were ex-
cluded from the study). In addition, not all the players
participated in all matches. The study was carried
out during the pre-season and beginning of the sea-
son of the 1* division of the Parana Championship
(regional level) in 2016. All participants were informed
about the study procedures.

Experimental design

Initially, the participants visited the laboratory; an-
thropometric variables were measured and fat percent-
age was estimated on the basis of 7 skinfolds meas-
urement as indicated by Jackson and Pollock [19].
Then, the athletes performed an incremental test on
a treadmill (Micromed, Centurion 300, Brasilia, Brazil)
for the determination of VO,,,,, and ventilatory thresh-
old (VT). One week later, they played 5 official matches
within the Parana Championship with intervals of 8.3
+ 3.7 days between them. At the end of each match,
the time that each athlete effectively played was deter-
mined (duration) and the session RPE was registered
30 minutes after the match for quantification of in-
ternal load. Forty hours after each match, the athletes
returned to the laboratory. In these visits, PR and the
perceived muscle soreness (PMS) were registered. Im-
mediately after that, blood CK concentration was exam-
ined and the Quick Recovery Test (QRT) was performed.
The participants maintained their training program
during the entire experimental period, except in the
last 24 hours before the matches, when the training
program was composed of light exercises, and 40 hours
after each match, when the subjects did not perform
physical exercises.

Incremental test

The participants started the test running for 3 min-
utes at 6 km - h™ for warm-up. Then, the test began
at 8km - h™ and fixed inclination of 1% and 1 km - h™!
were incremented every minute until exhaustion. VO,
was continuously recorded with the use of open circuit
spirometry (Metalyzer 3B, Cortex, Leipzig, Germany).
The mean of the previous 30 seconds was calculated
for each stage for the VO,. Besides, minute ventilation
(VE) and carbon dioxide production (VCO,) were
measured. The respiratory exchange ratio was deter-
mined as VCO,/VO, in the same time interval. HR
was recorded during the last 10 seconds of each stage
with a HR monitor (Polar S810i, Kempele, Finland).
VO;may in accordance with the American College of
Sports Medicine [20], was obtained following the satis-
faction of the established criteria: (1) plateau in VO,
with increased effort intensity; (2) respiratory quotient
above 1.15; (3) HR in the previous stage + 10 beats - min™
in relation to the maximal HR predicted by age (220 -
age); (4) signs of extreme physical fatigue. VT was iden-
tified by an increase in the VE/VO, ratio without a con-
comitant increase of VE/VCO, with the consideration
of the breakpoint in the VCO,-VO, relationship. The
HR and velocity at VT were also determined.
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Internal load

Atthe end of each match, the time duration (minutes)
was registered and, 30 minutes later, the session RPE
was obtained by the Borg CR-10 Scale adapted by Fos-
ter etal. [4]. Itis a 10-point scale, and for each stimulus,
a specific response is expected. Athletes were instructed
to point at the value corresponding to the global inten-
sity of the match: rest (0); very, very easy (1); easy (2);
moderate (3); somewhat hard (4); hard (5 and 6); very
hard (7, 8, and 9), or maximal (10). On this basis, it was
possible to calculate the internal load of each match
and the strain caused by the 5 games with the model
proposed by Foster [3]. The internal load of each match
was calculated by multiplying the session RPE score
and the match duration. The analysis of monotony was
performed by dividing the mean internal load by the
standard deviation of the 5 matches. The strain was cal-
culated as the ratio between the sum of the 5 matches
and the monotony.

Perceived recovery and perceived
muscle soreness

PR was measured with the Perceived Recovery Scale
modified from the Borg (1982) CR-10 Scale, with the
initial descriptor ‘fully recovered’ (0) and final ‘extremely
tired’ (10). PMS was indicated with the pain Visual
Analogue Scale (VAS) [14], which illustrates pain as
a continuous line where the initial value is always at-
tributed to ‘no pain’ and the final value refers to ‘un-
bearable pain.’

Creatine kinase

Serum blood samples of 3 ml were collected from
the antecubital vein of the dominant arm with the
participants seated. The samples were deposited in
heparinized test tubes (Laborglas, Sao Paulo, Brazil)
and then analysed with a kit of reactive strips (Reflo-
tron” Plus, Basel Schweiz, Switzerland) with the use
of the reflectance photometry method [12].

Quick Recovery Test

The method for the recovery analysis uses the First-
beat software (Firstbeat Pro 4.7.3.1, Jyvdskyld, Finland)
and is based on the analysis of the HR variability. The
method reflects the state of the nervous system, which
combines stress from different sources [21]. In principle,
this method recognizes reactions of stress and recovery
of the body through the intensity of the sympathetic
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and parasympathetic nervous system activation. The
athletes placed the transmitting straps in the chest
region and remained in low light and quiet environ-
ment, lying down for 3 minutes for the software to be
triggered and to effectively start the collection, which
lasted 5 minutes. The result of the recovery level based
on the HR variability is presented in percentages.

Statistical analyses

Descriptive statistics were calculated and data were
expressed by mean + standard deviation. Initially, nor-
mality was tested with the Shapiro-Wilk’s test. Then, to
verify the simple effect of the 5 matches on the session
RPE, PR, PMS, QRT, and internal load, the repeated
measures ANOVA was used. If the sphericity between
the participants were violated in accordance with
Mauchly’s test, a Greenhouse-Geisser correction fac-
tor would be applied to correct the freedom degrees.
The Bonferroni post-hoc test was used to observe the
statistical differences. For the CK analysis, the Fried-
man ANOVA was used, followed by the Wilcoxon test,
once this data set did not meet normality. The Spearman
correlation coefficient was calculated to evaluate the
correlation between the internal load variables of the
5 matches, the mean of the recovery variables, and the
physical fitness level. Significance was set at p < 0.05.
The Statistical Package for the Social Sciences (SPSS®),
version 20.0 for Windows (Chicago, USA) was used
for all the analyses.

Ethical approval

The research related to human use has been com-
plied with all the relevant national regulations and insti-
tutional policies, has followed the tenets of the Dec-
laration of Helsinki, and has been approved by the
Ethics Committee from the Federal University of Par-
ana Health Sciences Department, under register No.
0081.0.091.000-08.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

VT was identified in all the participants; HR and
velocity at VT were 175 + 9 beats - min™ and 16 =+
1.4 km - h', respectively.

The quantification of the internal load is present-
ed in Figure 1. No significant differences were found
among the 5 matches (fis19) = 0.86, p = 0.49). The 95%
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Figure 1. Internal load of the 5 consecutive soccer
matches expressed by mean + SD

confidence intervals for the games were: game 1: 462-
590; game 2: 520-743; game 3: 437-705; game 4: 437-
679; game 5: 374-687. The strain presented the value
of 11,619 + 3745 AU.

Neither did we observe significant differences for
session RPE (fi4.10) = 0.76, p = 0.55), PMS (f4.10) = 0.51,
p =0.73), CK (p = 0.24), QRT (fi410 = 0.17, p = 0.95),
or PR (fis.10) = 0.67, p = 0.46) among the 5 consecutive
matches (p > 0.05) (Table 1).

Significant positive correlations were found between
the mean session RPE vs. the HR at VT (p = 0.62, p =
0.04; Figure 2A) and the mean session RPE vs. the
mean internal load (p = 0.92, p < 0.001; Figure 2B),
mean internal load vs. mean CK (p = 0.63, p = 0.04;
Figure 2C), and mean internal load vs. HR at VT (p =
0.66, p = 0.027; Figure 2D). Significant negative corre-

lations were noted between the mean PR vs. the mean
QRT (p =-0.62, p = 0.04; Figure 3A) and mean PR vs.
matches strain (p = -0.61, p = 0.046; Figure 3B). There
were no correlations related to the velocity at VT or PMS
(p > 0.05).

Discussion

The main objective of the present study was to in-
vestigate the internal load imposed by soccer matches
and to determine whether it was related to the physical
fitness and recovery status of professional soccer play-
ers during a competitive period. The hypothesis put
forward was that the internal load remained stable
between the matches and that it was correlated with
the physical fitness and recovery status after the games.
Thus, the main outcomes of the study were as follows:
(1) a player’s internal load was similar between con-
secutive matches; (2) it was positively correlated with HR
at VT and serum CK concentration after the game;
(3) unexpectedly, that the strain calculated from the
internal load of the 5 games was negatively correlated
with PR.

The quantification of the session internal load
through RPE, proposed by Foster et al. [4], has been
widely used by soccer clubs and considered a valid
method for determining the load [5, 22]. In the present
study, it was identified that the internal load of soc-
cer matches during the beginning of the season did not
differ between the games, which suggests that its be-
haviour was regular during the period (mean: 557.1
+ 116.4 AU, p > 0.05). These values are close to those
observed by Impellizzeri et al. [5] (625 + 60 AU) af-
ter evaluating 12 young soccer players in 7 matches,

Table 1. Recovery variables 40 hours after each match (mean + SD and 95% confidence intervals)

Soccer matches

1 2 3 4 5 Average
Session RPE (score) ((5;;6%; 6(35?73%%? ((5;;7% 6(35?;72? 6(34'3832? 04 =12
PR (score) oAl G559 (853  (Goad  (ody 912
BAIS (con) 0935 (039 0946 0408  (ads 25
KW L) Gorome (1585 (41026 (et (osrin 0
QR (% 7580 @558l @onTih  (esd0d  (hrase TN

RPE - rating of perceived exertion, PR - perceived recovery, PMS - perceived muscle soreness, CK - creatine kinase,

QRT - Quick Recovery Test
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Figure 3. Negative correlations. (A) QTR x PR. (B) Strain x PR

in which they participated for at least 80 minutes.
Session RPE is a good indicator for the evaluation of
the training load during a season, once it has signifi-
cant correlations with models that use HR to determine
the training internal load (r = 0.50-0.85, p < 0.01)
[5]. However, quantification of the internal load in an
official match has not been widely discussed, once
the indicators of the external load (GPS systems and
accelerometers), although still commonly used, do not
provide information of the additional strain coming
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from several games. Previous studies with profession-
al soccer athletes point that indicators of the relative
external load have high correlation with the internal
load obtained by the session RPE [23]. Thus, the game
RPE is a useful strategy to quantify the match and to
help with the training and recovery plan during the
competitive period.

However, aerobic fitness of soccer athletes may in-
fluence their internal responses. It is known that the
VO, kinetics in an incremental test allows the deter-

Human Movement, Vol. 19, No 3, 2018
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mination of the VT, which is an indicator of aerobic
fitness and remains related to performance [24]. Manzi
et al. [6] verified that, in elite soccer players, the VT
determined by open circuit spirometry was correlated
with the game metabolic power categories (r = 0.72-
0.83, p < 0.01) during competitive seasons. Aslan et al.
[25] also observed that blood lactate concentrations
during an incremental test were associated with the
distance covered during a game (r = 0.48-0.57, p <
0.05) and that young soccer players presented higher
internal load during the first half compared with the
second half, although the physiological strain was
similar in both halves.

The results of the present study show significant
correlations between HR at VT and game RPE and
match internal load; however, no significant correla-
tions were found with the velocity at VT (data not
shown). Strong correlations have been demonstrated
between the session RPE and the HR and the game
internal load [2], owing to the contribution of anaero-
bic metabolism required by soccer [25, 26]. Thus, the
subjective method seems to reflect the internal
changes in the athletes’ organism, including their
physical fitness level. In this study, correspondence
analysis and VO,,,, suggest that the sample repre-
sented elite professional soccer players and, indeed,
the average physical fitness level was in line with that
presented in the literature [6, 25], showing correla-
tion with the match internal load.

Our results also demonstrate positive correlations
between the match internal load and post-match se-
rum CK concentrations, and inverse correlations be-
tween the QRT and the PR; however, no significant
correlations were found in relation to the PMS. It means
that the higher the match internal load, the higher
the serum CK concentrations, which are associated
with muscle damage and need an invasive method to
be measured in soccer. Freitas et al. [11] identified
that the CK and the total quality recovery (TQR)
scale are sensible to changes in the training internal
load in volleyball athletes. Osiecki et al. [12] observed
inverse significant correlations between the TQR scale
and post-match serum CK concentrations (r = -0.75,
p < 0.05), corroborating the present study. In addition,
the correlation between the recovery markers was
expected, since both represent the recovery status of
the athletes. These markers (CK, PMS, PR, and QRT)
are often used in soccer athletes for the evaluation of
muscle damage and recovery because they are corre-
lated with the wear caused by the game. A strong rela-
tionship has been demonstrated between the per-
centage of ACK (final - baseline) and the displacement

pattern in a simulated game [9]. A match causes a tran-
sient systemic imbalance that results in muscle damage
and changes in performance-related inflammatory
parameters [27]. Still, the lack of correlation with the
PMS can be justified by the physical fitness level of the
athletes, since studies have demonstrated that the
pain threshold increases with high exposure to daily
training-induced stress [28], as well as the decrease
in serum CK concentration during and after recovery
throughout the competitive year [29].

However, surprisingly, the strain calculated from
the internal load of the 5 matches was inversely cor-
related to the PR. This unexpected result indicates
that the higher the game-induced internal strain, the
faster the recovery. Recently, Djaoui et al. [30], inves-
tigating the post-match fatigue kinetics in young and
professional soccer players during a competitive pe-
riod, observed that although the professionals pre-
sented higher fatigue after a game compared with the
young players, they recovered faster owing to their
increased physical fitness. Considering the findings
of the present study, in which the physical fitness level
was correlated to a higher match internal load, summed
to the fact that a higher load generates higher internal
strain [31], and consequently a more efficient recovery,
it may be suggested that the physical fitness level is
related to a better performance and recovery. That is,
soccer players with better aerobic fitness weary more
during matches, which causes higher stress to their body
during the season, but also recover faster between
games. It denotes that perceptive markers can be used
to determine stress and recovery during the season as
a training control to increase the physical fitness level
and avoid overtraining.

It is important to recognize some limitations of the
study. The first is the sample size (n = 11); however,
our study was conducted in an official gaming environ-
ment, which limits the number of individuals that could
participate. Another factor is the control of the training
during the matches, since the training internal load
between the games could clarify the influence of the
training in the game. Nevertheless, this monitoring or
intervention was not possible because the team partici-
pated in a high level official championship and was
preparing for the 1* division of the national league. De-
spite these limitations, the outcomes of the study are im-
portant and corroborate the current literature concern-
ing physical fitness [6, 25], game performance [5, 26],
and recovery in soccer athletes [9, 27, 30], allowing
further discussion about the session RPE in soccer.

In summary, the response of the internal load be-
tween consecutive matches was similar, and remained
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related to the physical fitness and indirect markers
of muscle damage (CK) after the game. Additionally,
the strain calculated from the internal load of the 5
matches turned out inversely related to the recovery
from the game. Together, these results suggest that soc-
cer athletes with better aerobic fitness are able to weary
more during the game, present higher strain during
the season, but also recover faster between games.
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